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ABSTRACT

A laboratory model surface removal tool was constructed
which combined a flame treating burner with a rotary wire
brush. Tests were conducted with this unit (identified as a
Flaminator) on various types of both contaminated and uncon-
taminated samples to establish specifications for the various
components.

A completely pcrtable experimental field Flaminator was
constructed to meet these specifications and for evaluation at
a nuclear weapons proving ground.
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SUMMARY

The Problem

The purpose of the present work is to develop a machine
which combines flame treating and surface removal in a
single umt for decontaminating porous surfaces.

Findinas

Various commercial enits were tested as possible compo-
nents of such a machine. The most satisfactory units were
selected and combined into a working model.

iii
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ADMINISTRATI rE INFORMATION

This work was carried out during the period January to
November 1951 under the sponsorship of Bureau of Ships,
Project No. NS 086-001, S-abtask 1.4, Technical Objective
AW-5c, as described in DD Form 613, dated 1 May 1952.

The Flaminator was devised for use in the recovery of
concrete, asphaltic concrete, and wooden surfaces, contami-
nated by fallout from a nuclear -ltonation. Results of subse-
quent teetss' indicate that the flame treating method of
decontamination is impractical for military rec-,-ery opera-
tions. However, peacetime application of nuclear fission may
present many decontamination problems which are quite
different from those encountered in the recovery of militar
installations. Flame treating may be useful in some of the
peacetime recovery operations. It is in this light that the
report is now published.
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!. Introd -uc -ion

It was observed that an oxy-acetylene flame, used in metal cutting

aboard the USS M after its return from Operation CROSSROADS,

caused the srouDing a4mosphere to become contaminated. Preliminary

investigations of flao treating coctaiuinated wood samples indicated that

the raaioactivity was carried avay by volatilized naterial or the swoke

particles. Flaw treatment was first used in an actual decontanination

operation on the bare concrete floor surfaces of Bldg. 223 of the Treasure

Island Dge Control School following .a radium spill on 1.8 January 1950.

Liquid cqleaning methods were ineffective an these surfaces but burning or

dehydrating reduced the radioactivity bi 15 to 50 per cent of the

original count The count was reduced to background when the burning

vas followed by hand wire brushing.

Flame cleaning is essentially a surface reval methodof eoontaia"*-

tion particularly when followed by vire brushing because such brushing

actually renves a layer of the surface. The equipment used in flin

treating the floors of Bldg. 223 consisted of a 4-in. oxy-acetylene de-

scaling nozzle, - collection hood connected to a vacuum cleaner and a haw

wire brush. The degree of decontamination effectiveness attained with

these separate pieces of equipment suggested that they should be incorpor-

ated into a single device. This device was later named a FlAxinator

S(Lme + Decontam/inator).

1.1 Object• ves

The purpose of this investigation was thret-fold: first, to develop

arnd test an experimental Flaminator lor use on samples approximateiy I sq

it In area; second, to ascertain the airborne hazard created by the

1 A, U QtXILX



incorporate _tbe testedi fealures of the la.bortcny 2 ;o -

~r~Lenta..zdi.L sult~able lfý= fiel,

-rjbz ticl 1-mi Bd4uxta~te?ý t'o d±I Tereut heights'above tho- test sur:eýe

aii& at a 0,' O or L5P' pos~tiona iiu eitber t'he fbrmz4d or bw~kvard

&I-Te(ltioi8.' The'brush ubtot ~vw' orn 3iD812y designed to f"Loat isfLde th

'liomd Vitt the weiagbt of -be driirlng M~br re-Sting entirely ona the brush.

Thi.s desigm w-..s modified by sevurizig the wtor to th ood ame-

giiý--AŽc-.ater'toa~ *pe=4 =un at tbt rea~r. Adý-stmmt co

thILU wprng im penuitted. viriatiou in +-be 2.cd on the brwsh VwTe
amount ortf-a whiel ente~red. the *IacCW! bood va conucfled by regu~atiM

Vte clftrtnce betwe tbe hood. and the test su.&2ace. The va.ci~ bood vas

dvAi1V'l- into tvb CCUPrtmut'o, one 16r? 'tie burne-r and =re f-=- --be bmsh.

It.aya vacutm Line 4vw,, c--ec to each --ccrertmmt -

t'"I WVý replaceed vith 3-Snt. )Jnes fitted vi~th --h.ter-J..y 'valves to ~-et_-u-

%;'1cr w t-4, tact~ z~acrtrmrt (~ )
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Fig. 2 Laboratory Flamimntor in Operation

tank and blower as shown in Fig. 3. This vacuum cleaner had a capac:.-

of 153 to 250 cfm of -rTt; air and cirmw 5 in. of Hg in a closed syst&-.

dust collector was a canvas bag inverted in a cylindrical -ank. T.he "-acu

unit was connected to the surface remeval head with 12 it of 3-in. f'lex '

hose.

2.1 Burner Evaluation

in all decontamination operations, the speed of operation is a

prime consideration. The speed of operating the Flaninator is -ai-l-

dependent upon the efficiency of the burner, so a study 4as z7ade to dere7-

-re what type bu*ner would be most satisfartor,-i. n the selection -f

TFI CIAL USE O!;:-y----------------------- --- - -- -- -- ---
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most efficient fuel and burner for use in the Flaminato. :he fo_2.cmr1ng

properties were considered:

(a) Maximum flame temperature and calorific vcsui

(b) Hig flame propagation rate, thus permitting rapid fuel

consmption and hio Btu output

(c) 110 velocity fiame to give a Sweeping acticn vhicb vould

emoy loose radioactive particles fro the r.-face.

Table 1 lists a namber of comercially available fuels togethler Vith

their essential characteristics. The calorific value of all the

hydrocarbons listed are very nealy the same, vith the exception of

hydrogen. HYdrogen was not considered for use in the Flaninator because

there are no suitable comercial burners and it is very hazardous.

Acetylene has the highest flam teuperature of the fuels listed and =uW

comerc ial burner* are readily available. Another important proper-y

to be considered in the design of portable equipment is the veight of

storea. tanks and space -imtn. Acetylene is dissolved in ace-

tome under relatively low pres•ures. The enti're contents of the storage

tanks can not be used because of the dangr of drawing off acetone.

This fact makes it necessary to manifold several acetyleme cylinders to

mi tain the same high fuel consuimtiou tbat could be handled by a single

cylinder of liquid petroleum gas, such as propane, which is coqpressed at

high pressur•-. Thus despite the 10 per cent lover flame te=perature.

which the table adijcates for propane, this fuel appears highly practicaa

for the burner of a portable Fleminator.

2.1.1 qualitative Burner Tests

Qualitative tests were made on the vaxicus burners iis-ed in Table

6
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2 by observing their effectiveness in cbanri vood, Eof-!enlg -spar2m l

spalling concrte, e gas consumption or flowI rates dxring& -be e tests

vere deteraimed -with a .FloratorrU, caibra-ted for ace--ylFne .'r praonue a-

ogen or capressed air. All of the burners are standard -,rod•ý tion ,n.,

vith the exception of No. 10. The Victor 3quipment Coar_ - mee -. izh

burner by moification of a stamnard oxy-acetylene descalfng nozzle. rhe

flm orifices were countrbor to a depth of 1/16 in. -,o insure proia-

gation, of the lower velocity oxy-propae flam.

Pour bummers, xos. 6, 8, 9 and 10 of Table 2, .ere choeen for tbe

subseqerit quantitative burner tests. Burners No. 6 and 8 were the most

satisfactory of the Dunsen type (induced-aizr) burners tested. The prinrA -

pal advantage of this type burner for the FrLanimator is That it eInJn-tes

the necessity of carryimg oxygen cylinders. Burner no. 6 (an acetyleme

burmer) prodnced a mediua teaperature, lo-velocity 2-in. flame. The

chief disadvantage of this burner in its low hieat output. It gi•e satis-

factory charring of wood, and softened asphalt, lrut did not pruL" e oncr-rete

spalling. Burner No. 8 (a propame burmr" produced1 a mediu= t.e-at-re,

low velocity round flm v-Ith a very lon! rmeer come. The -ended -to

flare out on contact vith a surface so t•hat its heat -ansfe? efficie•_;-

vaaý poorer than many of the other bur-ers. 2)e large he-at -utut c this

"burner gave good charting of rood am aofteing of aspý-lt, but wrs i-

sufficient to spall concrete. Me mWy-mcetylene binrner no. 3 vas chosez

because of its high tanpera-t'a, high vel-•it flame and efif -ient m-aer-.-

tion. :-t vas s"4nlr to 3'-n-oers No. - v .... -,

cheaper and nore read~ily avai'-- le. Az :ovics :dj-ef the -xr-p--nme

urner. .oN , 10 as its ease. in ligbting aznu apparentt -

87 I I ' .. .. •
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rang. QUtatively, the o ýy-acetylene amd oxy-preae burners appeared

equally efficient in flam treating vood, auphaLt, and concrcte.

2.1.2 quantitative Burner Tests

Three quantitative tests we _onducted o0 the selected burners.

(a) DetieruiztIOM Of zxUN'IM em-erature produced vhen enclosed

in the M",rn ?lmdnazor.

(b) Determuine the optim gas rate of the oz-propaw burner by

noting the time required to heat a steel block through a

specified terature rMge-.

(c) Determine the relative effectiveness of the burners uner

various conditions by comsr'ison, of degree of wuood cbzrrIzW.

(a) TeeaueTests

The Plauinator, fitted vith various bers adjusted at

various agl es and heigbts, vas run back and forth across a wad -urft-e

K ft by 8 ft until t teer tures in the bood and vacw syst raced•

a The. r bash man wot used in these tteerstiwe tts. me temper-

Atme tere recorded evey 310 Sec until they reached a xm!m aand

leveled off or the burner blew out. The results of zhe temperature tests

are listed in Table 3. These tests indicated tebt the axy-cetylene sr!

vas unsatisfactory 'hen enclosed by the bood because of the eivr present

danger of flash back. Alth!tgh it is unlikely that the fluea vuld blow

back beyond the caqgen and acetylene mixer, the blo backs pn-went con-

sisteut and reliable operation of the Flaninator.

Blcv backos vere apparently caused by the b•'mer bead and its pipe

connections bec-aing hot enough to ignrite the acetyiene before it reached

the burner t•ij. Trncoulpe No. I mas located -in a hole bored in -the

Best Available Copy
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burner head Pin& provIled an in ixntior± the -.ezzq b.atz :_n

not properly located to give the iw Me*rt%=* of :ie 1rý heed.

The burner bead vas bee ted mare rapidlyv -oten i t vas. clos~e :c- ic-Cr. At

a heifbt Of' 3/,16 to 3/8 in- above the floor, blow back~~e aftjer z=nly

I to 3 nin (Ptus TT-S, TT'-9 and ?T-10; Table 3), and -herm-oc%= e 15-1.1

reacbed a t~~ture of 600 to 650 F.- Wbem t1he urncr*. -.as raised týo

heigbt of 9/16w no blow beek iccu2rred and 7 zin vere req-alned ff-r --he

'burner bead to reach Its maima teiqeratcre Of 390"F' (Rnn 7T- U..).-

burer bea reacbed a t~ature of '105 a4 7850 F espectively ri~tb=-.

blow bacs OeCcrir49 in 1'T-15 and 2T-16. in these t-vo tests the higt gas

rates gave a we" long flame that vans drawn bark inrto the laush cmsqrt-

ment and did not tmleakw back amd bet the gas lir as ba.-pered vith a. shor.t

f~wm. In t~w case of the abort. f-Anze the l~merr ravdia-tor- foolire set4lon

joining the b~ner hea to the lize) an gs .iies vere heaited a hg

te-erat~ure by direct contact. vith the -flaw. Me aetl~ ~e

"vas less susceptable to blow' back vheM nomted = --he 45"' Poslim F7:z.

'~.Unde suzb condition the Timw vas pul-le alc~g --bsz~ae b.7 the

combimed action of the =ovizr Flza~irmor and --be ac

Mle axy-prapeý b ur~ ms far superilor týo the 03y-56Cet;ln'_e

becwwse --he~re vex ac dazger of' ticri backs azr: the dfee~e2 ~i

The buzmer bead tespeamt-.es im R%= '--p2 ari =-.2= --ee and ý4Cý

estle't-* relyvtha blo toccis ~r.g ~ ~

ecl-das a 2zzzseq-.erne of e=icus ing .the zy-~~e~-e '-ie

Z - e-sd.
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Fig. IL Underneath view of Flanlinator *,ith burner =m'nted
at 4~50 angle (shows vacuumi drawing flan M to
Biurner Comnpartment, butt away ff~rom Brush).

but this coull Ibe remedied by incresaing the d~istanz~e tet-ween -,Ie burner

and brush. Th"e n"Imxum temperature of L55 0 -7 maint~ained a,: the vac,_-.

hoocd outlet- (Therm~ocouple No. 3) indicated that a =stall fler-_ble hose ;as

needed in place of the rubber one.* Also the tempeerature o'f the gases

entering the filter ýThermocoixple No. 5)exceeded the values reco~ended

for this type of filter.

(b~ Otizt~ -Joi cf Oxygen to Propnane

in the determinat.ion of the cn~ .g-as rates for --he

oxy-prparne boz-ner, It was =iunteý! in a fxed.-pos.'tion abnve astLeel

-1~cck (1/2 i.b- in. by 5 in.) `atc -w-ich -.:s etbedied a ch-.rol-

14
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alumel thermocouple. The propane rate vem toi itiv -_vaue

and the cxygen rate vas varied over a vide rakte. "e tne- to beat the

block 5W ) to 15950 F va note for eack, oxyý rate. M propez

rate s cbmaed and the p ess repeated util the pralmn rate b been

varied within muxim and mlnlm ltts. The results o:f 4bese tests are

presented in Table Ii an Fig. 5.

TANI 1 Oxy aa/Propane fttio6

OxyCmW/PqROPAN FLCS RAM -Mme to beat mmVle frca 520 to 1595'YF
RATIO (cflu) (mee)

3.10 o.W 84.
3.70 o.4w 62.5
3.90 O.W8 63.

3.60 0.386 73.
4.12 0.386 69,
h.40 0.386 71.5
4.70 0.386 81.

3.10 0.322 104.

3.70 0.322 81.

4.65 0.322 79.5

3.10 0.258 122.
3.9r 0.258 90.5
4..3o 0.258 88.
..7O 0.2-58 8.5

5.00 0.258 8-5
5.4.0 0.258 08.

3.10 3.193 i6o.
4.10 0.193 118.
M..70 0.193 ui4.
5.20 0.193 123.

The rninixnz iw reqpired to beat tbe steel biock through tbe givN-

te=rature range is a me-mure of the efniclenc" of tbe f' . -"e

Oxyen-to-propse ratio requi-red for :t's ii = '-eating t:;:e is the

isAd .1t
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optl-n gm~ rate for --be cxy-pTCrcpae ri.

(c) Burner Effectireness Undr Varivas Z--dlilonzc

Wood charring stazxdards vere ;repaed vith --be Y'~-ar= "-a'r

equipped vith the cuy-acetylem burner mountedi at a r~aj~le, /6 .

above tbe stiface of -.be s le ind. conisumirg e at a rae ct 0. 6c,

Tbe Flazimtor vas rt= across fox=. vood. samplez at each~ ze!li -

app oif;mte s~eecds: 0.60, 0.30, 0.15, and 0.08 -t/see. 'M de.~ire cf

charring oe ech of the sampes vas arbitrarily design:4ed as chae-rrn.r

indices 1, 2, 3 and The se ehex.&M ind iices are showniL?~6

CHARRING 1NDIC"ES.

?i~g. 6 Wr~od Cbarrring indxices



Wood charring tests were made with the oxy-acetylene, oxy-propane,

acetylene-induced air, and propane-ir-duced air burners adjusted to

different heights, and at different angles and using different gas rates.

The degree of charring on the sample was compared to the four standards,

visllJ.y, by three investigators. A degree of charring that fell betweea

two standards was estimated to the nearest 1/10 po.Lnt. The degree of

charring is a measure of the effectiveness of flame treating wood sur-

faces and depends upon such factors as the speed of operating the Fa -

tor, heat output of the burner, position of the burner relative to the

surface being treated and the vacuum being applied to the collecting hood.

The results of the charring tests are arranged in Tadl-es 5, 6, 7, and 8 for

quick comparison of the effects of the variables.

The speed of operating the Flaminator and the heat output of the

burner affected the degree of charring more than any of the other variables

considered. It is desirable to operate the Flardnator at the highest

possible rate that gives the most effective charring; however, the oper-

ating speed is limited by the maximum useable heat output of the burner.

Table 5 shows that the height of the burner above the surface does not

affect the charring as much when the burner is in the 900 position as

when it ic in the 450 position. At the higher gas rates,where the heat

output is greater, the height of the burner above the surface did not

influence the charring as much as it did with the lower gts rates. The

heat output of the burner must be held within definite limits to avoid

excess ire heating of the Flaminator parts, the vacuum syste= and filter.

STable 6 iidi-ates that the degree of cha-ring is directly proportt.on&' to

the BTUJ output of the burner. Table 7 shows -hat the decree of charring

18
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TAMZ 5 Effect of Burner Heigit on Wood Marrin

BunIr netor Theoretical
S 1e Hight DurWer Speed Beting Rate Charring

s st A 1116 Oxy-Acetylme 45 0.08 54,50 4.0
CT 12 3/16 0 3.6

CT6 44 /116 ox=y-prvpmw 45 0.08 68,Ai00 44.0
6T 1/84.

S5 1/16 0zy-Proam- 450 0.08 214,300 2.8
53 3/16 0.0

Std B 1/16 Oxy-Acetylee 1450 0.15 514,500 3.0
CT 11 3/16 2.5
CT 19 1/16 Oxy-Acetylene 900 0.15 514,500 3.0

14 1/8 3.0
20 3/16 3.0

CT 33 1/16 oy-Prapane 900 0.15 69,900 3.5
36 3/16 3.8

CT 3 1/6 OXY-Acet-lem• 0.15 7o,O 3.8
6 3/16 3.5

Std C 1/16 O.y-Aetylem 5 0.330 54,500 2.0
CT 10 3/16 1.3
CT 18 1/16 Oxy-Acetyle, 90.0 0.30 54,500 2.14

15 .L82.2

21 3/16 2.0
S CT 29 1.6 o •y-Prope 900 0.30 53,2oo 2.2

)0o 3/16 51,7OO 2.0
L ,T 43 1/16 y-Propan e 450 0.30 68,M0 2.0

65 1/8 2.2S5T 3/16 1.5

CT 48 i/i6 oxy-Propa- , Io50 0.30 51,700 1.7
69 1/8 11

cT. 62 1/8 Oxy-Frora °450 0.30 97,200 3.0
58 3/16 2.5

Std D 1/16 O3-Acetylne 1450 0.60 54,500 i.0
CT 9 3/-6 1.3
CT 1 1/16 Oxy-Acetylene 450 0.60 70,1400 1.7

8 3/16 1.5
OT 17 -/16 Oxy-Acetylene 900 0.6o 54,500 1.5

:•6 1/8 1.3
22 3'16 1.2

1" 6• 0; .v O!-Pr--pane o.60 7-', 200 l
27 F F,'16 5AS0 N.00

12
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TABLE 6 Ef feet of Heating Rate and Fla±~inator Spe.ýsd on 4ood Chazrrln..

Theoretical Burner Flamirtor
Heating Rate Height Burner Speed Char: .ng

Saie (Btu/lr) Burner (in) Angle (tlt/sec) :nde .

CT 26 21,300 Oxy-Propeze 1/16 900 0.08 3-3
27 53,200 4.0

3 4  69,900 4 +

CT 52 24, 3CC Oxy-propsne 1/16 c5O 0.08 2.8

50 51,700 3.8
44 68,400 4.,o

CT 53 24,300 Oxy-Propane 3/16 1450 0.08 0.0
54 51,700 Partial Burn
56 68,O00 3.7

Std B 54,500 Oxy-Acetylene 1/16 450 0.15 3.0
CT 3 70,400 3.8

CT 25 24,300 Oxy-Propane i/6 9(0 0.15 2.0
28 53,200 3.5
33 69,900 3-5

cT 66 68,400 oxy-Propane 1/8 450 0.15 3.5
61 97,200 4 +

CT 24 23,300 Oxy-Propane 1/16 90P 0.30 1.3
29 53,200 2.2
32 69,900 2.0

CT 40 51,700 Cxy-Propane 3/16 90° 0.30 2.0
37 69,900 2.8

CT 51 241,300 Oxy-Propae 1/16 450 0.30 0.7
148 51,700 1.17
43 68,400 2.0

CT 57 68,1400 Oxy-Propane 3/16 '45 C.30 1.5
58 97,200

CT 69 51,700 oxy-Propane 1/8 450 0.3c 1.i4
65 68,400 2.2
6Ž 97,200 3.

C, 69 51-700 Oxy--ropane 1/8 4,c C.31.
6r 68,400 

2.2

Std D 54-,.5o( Oxy-Acetylene 1/16 450 o.6c 1.0
Ct 1 7o, 400 1.7

CT 9 35, 5.X Oxy-Acetylene 3/16 '450 0.60 ..3
8 70 , 4-. C 1

0
CT 23 23,30C Oxy-Propane 1/16 90 O.60 0.3

30 53,ŽCe 1.1-

CT 39 51,70TC Oxy.-Propane 3/16 900 0.60 '.3
38 9, :m '• A.

4 6,e. i.. 00 Oxy-•r-pan.e i15
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VMXI 7 Rfrect of Bwmr Angle on Wood qa----'zg

Bann 7F8maiator Tbzcet-Ical
BwerHI~t Speed 3eatIzs P.&-te znrez-

soma Angle Burnerfuc) (3u/r index

CT 26 900 0xy-Ptopo 1/16 0.08 24,3X)
ý2 402X,3DD 2. 8

OT 2T 9&0 0zy-Pzopan 1116 0.08 53,2004.
50 49511,7-W .8

CT 3*' 900' 0xy-propa 1/16 0.08 69,90 4+
ilk 450 68,iAw4.

Std B *'50 Oxy-Acetylem 11/16 0.15 514,500 3.0
cTI91 0100 5L&,5003.
CT 28 ra0 aly-orapa 1/16 0.15 53,200 ~ *-

49 45" 51,700 30

CT 33 90"p oxy-Proraw 1/16 0.2 -5 60,9W0 3.5
45 150  68,IP0 3k.2

Std C ý,~ Cxy-Acety71ew 1116 0.30 54,500 2.0
c-,18 960 545D .

CT 10 42zo 0zy-Acetyiew 3/16 0.30 5*',500
21. 90" 54,500 2.0

CT Ž9 90Co oxy-Acetyleme 1/16 0.30 53,200 27.2
49 450 51,700 --

J- " Oxy-Acetylemie 1116 0.30 69,900 2.0
~43 i5'- 68,4w0 2t. 0
58 68,hwo 34.5

CT <" CXT-ra ~ 11 0.30 2),30 1.3
51 45 24,300 0.1

Ox370y-,pn 3/16 0.30 6q, cC 2.8
- 5C68,400 -

Std D k5-' -a7-Acietyiene 1/16 0.60 5k,51O .
C-- 1 a5,0

Cr- 50 rAeye60.05-L, 500

90" y-?rope-e Z/6 .0 3.z.
47 450 571-1 - m c.8

*0
46 1450 68.:=oo.



TANZ 8 Effect of Flaminstor Speed on Wood Char•gag

Fisgona ýor Burner Theoretical
Speed Deight Burner Beatig Paate Charring

saple (ft/sec) Burner (in) Angle (33tu/Er). Ine

Std A 0.08 Oxy-Acetylene 1/16 450 54,500 14.0
s 0.150
c 0.30
D o.6o 1.0

CT 4 0.08 Oxy-Acetylene 1/16 14o 70, 4 +
3 0.15 3.8
2 0.30 2.6
1 0.6O 1.7

CT 5 0.08 Oxy-Acetyleme 3/16 1450 70,4WO + .

6 0.15 3-5
7 0.30 2.5
8 0.60 1.5

CT 12 0.08 Oxy-Acetylene 3/16 551 4,500 3.6
11 0.15 2.5
10 0 0.30 1.3
9 0.6o 1.3

CT 13 0.08 Oxy-Acetylene 1/8 90 5 0,00 4.0
A1 0.15 3-0
15 0.30 2.2
16 o.60 1.3

CT 27 0.08 Oxy-Propee V1/6 90° 53,200 4.0
28 0.15 3.5
29 0.30 2.2
30 0.6o 1.1

CT 50 0.08 Oxy-Propane 1/16 450 51,700 3.8
49 0.15 3.3
48 0.30 1.7
4.7 o.6o c.8

CT 90 0.08 Oxy-Propane 3/32 450 53,200 4 +
91 0.15 3.9
92 0.30 2.7
93 o.6o- 1.8

22
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vas slightly less vith the burer mounted at the 450 position than at the

900 position. This slight advantage in chrring effectivenmss is out-

veiahed by the excessive heating of the br and gas lines - tben

burner in vertica~ly moted.

T zy-Proane burner gave cberring linies slighty less then

those obtained with the czy-aoetylene burner, but the advantages pre-

vicusly listed for prcpm outwe•h this sl t difference. Cc re

Stds. A, B, C an D vith CT-47, .8, 9 and 5D in Tawle 8.

2.2 Surface Reval Tool Tests

A rotary vfre brush vas chosen as the surface remo tool for the

laboratory FlimtAw. Tests were mde on vith-grain an cro€s-grain

vood samples to determine the effect of the followin vlables:

Brush Construction Type - Knot r solid fill ire brush
Wire Diamters - 0.005, 0.0118, 0.014

an o0.16 in.

Brush Speed Rotatical - 11,00 to 190 ro

TA 0.08, 0.15, an 0.30 ft/sec

Brush L•a g 5 to 55 lb.

Wood saIe were nade up of clear selected Douglas Fir and

finished to a size 1-5/8 in. by 3-5/8 in. by 12 in. Half o. the samples

were cut with the grain running lengthvise (vith-grain samples) and

half were cut or assembled from gtxmA sections with the gain running

crosswise (cross-gain samples). The samples vere placed in a floor

well and the Flaxinator towed across theu at the desired linear speed.

The towing device (Fig. 7) consisted of a cornstazt speed shaft iroun

which the towing cable was vound. The speed of this shaft ias regulated

"xi a variable speed torque converter attached to an electric motor.

Z3
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Fig. 7 Toving Device for Laboratorj Fnlaninatýr

The brish loading w'as determined ca an s'pecialy riggs-l plat-

form scale. Supporting plates were secued to the sides -f a st 3dard

platform acale so that the wheels of the Flaminator were in the sam

plane as the platfonm N-ith only the brush -zouchlng it. lartyiLng the

tension on zhe :,ear wheei mcunting spring change,± the br•-'• .oad-ng

which .ould be mmeasu-ed on the sczle.

Before and af:ter each 9uirace renoval test t".e thez:ness c h

setmples we.: meazsured wih % 31urface plate and a dI&I Ind:_-atnr

_ath te hal ini.cu:-r r,-t restILS on "he sazpl &.:'c A-'! 2.

FAF : Z L U OULT
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'Pig. Y3 )EStWi4l S=-fhM eND78

A wlzxm and mini- resdizg vas rm2dod end also = aexage was

taken as tbe sple vas now-d =der th dial. 2znAleto-r.

3be results off the with-gri-- testz are -zese--eO- ir ?s'1e 9

and tbose ±for cross-grain 4.Aste in 7hbie 2.0. Tbe speed ceth

FismInato= af'-e~ted the amo~unt --f -in-ceroxral =xre an ar C-f

-be ather 'vaxiables cnnidered. fraa !-- Trb-es _ an X sho'w -ba:

S:ýo 75 Pem- cent =o, suf.ce s -~ae4oe -.4en the ifnoar spd *-as

:edu~ced by a f'actor 3f 2.

Tte effe<,t )f -tiaeer Ls rer gzincar:sn-dt
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of all the brushes tested. A_!though surface removal esurmeznts

obtained with this brus) were abvqAt the saLe a.; wit•h other wire

diameters, the actual amount of material remzred by the O.005-in.

diameter wire brush was much less because this brush did not dig_ into

the soft portions of the wood or coot the surface.

Little difference was noted in the results obtained wit h the

knot-type brush and those with the solid-fill brush. Insufficient

tests were made to draw any definite conclusions on the efficiew-y

of the two brushes but the solid-wire brush did not cut deep grooves

and left the surface mucrh smoother.

Insufficient tests were run to conclude definitely that Mhgher

rotational speed of the brush increases the amount of surface removal*

however, compar!.son between BT-83 and BT-85 and also between BT-82

and BT-84 shows -;hat a brush rotational speed of 1900 rpm gave 6C to

75 per cent wore removal than a speed of 1600 r=.

The effect of brust loading on surface removal varies with the

linear speed of the Flaminator. With-grain samples ]3-37 and BT-43

show a 45 per cent increase in surface removal by increasing the brush

loading from 5 to 10 lb when the linear speed of the Flaminator was

0.08 ft/sec. On cross-grain samples BT-38 and BT-44 the increase was

52 per cent for brush loading from 5 to 10 lb. When the F¶laminator

was operated at 0.30 ft/sec increasing the baush !oad-ng from 5 to 35

lb increased the amount of surface removed very slightly.

F'_. Tables ? and 10 it -vi/ be observed that 50 to 70 per cent

more surface was removed in crose-gr&in travel than in vith-grmin

28
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2.3 Flazinator 'Tnit Tests

W~ood samples d2illa to those -.sed In '-be ;rem tst wee gve

a coined flaw and vre brush te•ment vwith the Flaixator *itte. with

the zy-rprops brwner aMd variou type br.AJbes. Operating conitims

"ere choen to produce a No. 3 abar. The ck ring tests idicatted that

this degree of cbhrrTIg dehydrated te w"ood 4o a reascnable depth aMn

that additioial. cerring required an ewzris increaae in the heat out-

put of the burner to overcom the insulating effect of the cbezred tojk

layer. The burner vas set at a 450 azr4e, i/8 :.. from the surface and

the Flaminator us toved across the samples at a speed of 0.30 ft/sec.

A propqee cosumption of 0.64 cznf,=in ;*.s re-,ired -o produe the So. 3

char.

The results of the unit tests are given in Table Il. 7lam

treating increased the effectiveness of the sirfacq rezo7al -umnt by a

fact,"r of 2 to 7 in the tests conducted. Su-face rema1 with the 0.005-

in. dAl ter wire brush vas increased bf a factor of 2 to 3 on with-

grain saimples (ccpeaxe 'at sms UT-15 and r-177, Table U. vlth B-92,

Table 9). In cross-grsin t.-ve! tihus =r eh . material

by a factor of 2 :o 4 when precede by he .fC-zqxm !est runs

T- ara UT-17 "ih -!T-3). F21ame treating -reased- the effectivew"
nf the O.011 8-in. 1.a ter ",r-e brush *- e a factor of 5 -n the with-grain

tests Am4 by a factor of 2 in the c•-ss.--ain tests. (Cr=aree BT-l00

vi-th '1-771-21-. 9A z-il wi:. UT-'-). 2e effec-i;eness o.f -_Le 0.016-in.

dtaz&- ir~ br-,ih -ýas ir_:reased ",- s faczo:- of t --a th-_ vitbh-grai

Flazirmaor test and ".-Iy a :'§z:or on 2 in thz crss-grain tests.

i- .e • "7- -,e
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effect of brush rAstional speed on flaes treate4 surfaces; h•wever

this factor eems - iasgnaificaut in cparison vith such factors as

linear speed and direction of travel relation to the vood grain. With-

Smin samples UTf- and T.T-6 saoed an average reawI of 0.029 and 0.012

in. respecliveal bn qpwetiza at 0.12 ft/a,,-. a&. to 0.009 nd

0.010 in. an mple V"and-9 M I- m operating at 0.3) ft/se.

Cross-graiA s .m M--5 and U7-? Abo a remmal of 0.021 o ad 0.0

in. respectivel.y wheu the F1ndnator operated at 0.12 ft/sec as compred

to 0.01.1 sa1r 0.012 in. on samples UT-8 md UTi-10 vhen the speed vas

0.30 ft/slec.

2.4 ~ Ecitulation of Essential featuines of the Flmninator

Th forqzoing tests indicated that the Flazinator can be developed

into a practical flame treating unit for field scale operations. The

vaoui on the collecting hood should be applied at the rear of the buzr

comartment and close to the silface being treated, thus draing the

flame along the surface. The brush should be separated from the burne

by a distance sufficient to avoid dameing the brush.

The azy-propane burner was the best of the high temperature burners

tested and vas most effective when aoumted 1/8 iz. above the surface at a

I5° angle in a direction opposite that of the txyvel of the Flazator.

The ina speed of tbe )12.aintor should te between 0.15 and 0.30 ft/eec

and the buimer adjusted to give charring eqxUvalen: to the So. 3 cherrIng

Wire brushes made of vire hai-ln 0.010- to (o016-in. Ai ters

vere most effectire in r v wood surfaces. Wirer of s-nal-er dL'mete-,-

rw-txxv :iw:f~eCtiJ and rge-r 0,-3 ct the 5ufce l The zrotatioA



speed of the brushes should be about 1500 rpm.

Flame treatment increased the effectiveness of surface rewoval vith

a wire brush by a factor of 2 to 7. In all instances lhe greater surface

removal occurred when the unit was operated crobs-grain.

3. Airborne Hazard in Flame.Treating Radioactively Contaminated Surfaces

Before proceed,.ng with the construction of a field scale Flaminator

it was Meceseary to consider the possibility of an airborne hazard being

created by flame treating radioactively contaminated surfaces. Tests %pere

conducted to determine the amount of radioactive material volatilized by

passing a high temperature, high velocity flame rver contaminated sa-ples.

In the investigation the burner was passed cver twenty contamliated

assplus and the smoke particles and volatilized materials were col-

lected on filter papers.

3.1 Contamination of S.•mles

Four methods were employed in the contamination of the test samples

with a sea water contaminant containing mixed fission products.

Method A - The samples werp held vertically in a spray bocth and

sprayed for 2 sec with contaminated sea water . The samples vere force

dried in a vertical posititn inl the spray booth dryer.

Method B - The samples were contaminated with 1.1 millIcuries of

solution by pipetting about 103 drops over their surfaces. The isotopic

mixture and prrpcrtiorns were the sa as Method A. The samples were in a

horizontal position when ccnta-mnnate. and remained so while t.hey dried in

4 Thc sr;.orn proiuct •a.zxur, '.u -cczr-.osed of Sr -Y 'r n

P. a '1Y 5
t)e i otOer were: '.. , , S ` 0 N L Y
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3Mt •. _C - The samples w•re beld in a horizontal plame in the

spr booth and sprayed above. The spraying tim was 4 sec/
sax3.. fe couumnt vs a aiztxwe of r90-YT90 in sea wter, vb~ch

resutea in a solution activity of 0.6 xie~tocu/r . Thees

wre dried for 1/2 hr stile in the horizontal posttio i-a the qwa

booth dryer

estbod D - M swsa2a were c-nt1-I-1ted by dipping tZm face

down in a sb&llw tray of cooal •ted solution. Thu solution Ws the

saw as used Metbod C. e samples wre placed in 1/8 to 1i/ in. of

this solution Sa allowed to soak for a 30-we period, face down. This

soaking ww followed by a 30-*ec drain period, face up, aMd then the

Samples wre dried for 30 =in, face up, in the spray booth dryer.

3.2 Pin= Treatment

The SOMIPe were fam-treated in a vwcw hood eonnected to a

U. S. Air Force Turbo-super Ccmressor Collector Unit xming a 12 in. by

13 in. Type H-.6 filter paper to collect the cont=imted o ke n xe

air flow-rate through the mit, with the filter paper in place, a 100

cfa and was sufficietit to drew the containgt.d ^erosols generated in-

side .be vscw= hood through the filter per(2) TMree meths of

flame treating were used..

Method X - The s=ples were treated with an rcetylene air-

induced burner (No. 11, Table 1). The burner produced a 2-in. wide

flaze which was oscillated across the sample at a Iiner rate of 4 or

5 rtt/min.

Method Y - Treated vw! .h a 4--in. ribbon oxy--ropane burner (!b.

LO, -able i) at a litmar rste of arproxzatey L, to 5 .I-Mn.

C� C I AALz S 3 0 N,



Method Z - Treated with a propane air-induced torch or burner

I.No. 11, Table 1). This torch %as used with an oscillating motion as

in Method X. The samples were counted (monitored) on a laboratory

type scaler with a 12 in. by 12 in. gas flow proportional probe. A

distance of V./2 in. between probe window and sample was maintaa.ned with

suitable spacers. Each sample, standard, and background were counted

three .. es. Filter papers with an aluminum sheet metal backing were

counted in the sam manner. A blank (uncontaminated) sheet of filter

paper was counted for background. Air samples taken at the exhaust

of the turbo-compressor during each burner operation shoved that all

of the contemination was being collected on the filter paper.

3.3 Test Results

The results of the airborne hazard tests are given in Table 12.

The table shows that for uniformity and ease of operation the dip

method of contaminting samples (HethodD) vae far superior to the

spray or drop methods. The spray method was unsatisfactory because

the deposit of large droplets of contaminant made it difficult to ob-

tain reproducible results. The drop method produced a geries of very

"hot" spots over the sample area, and was very time consuming. The

dip method, where the samples were contaminated by placing them face

down in an cpen tray because it produced uniform results, geve a higher

c=ntarnination rate. required no special apparatus, and required less

radioactive coltic:-. than the other methods. Table 12 shous t•hat

-arious wood-- retained different a=ounts of liid contamiant. In

decreasing order, the contamI.nant retention 3f the wcods was pine, fir,

~s~* and te-:. vith pine re-,a'ning rousjly tv..ce as --uch of the cnntainant

3L
< 7I " iLU T O ; '



TAXZ 12 Airtorne ZazaM Dv-a1uat'on

?rpl -POcedu" - Initial VR.e-~ 1etalaed ý-z
site Cont~xdnf- 'IFMW f Cotrý

Saqle Material (in.) tioti Tteati-- (c/i x 10-6) (c/ri x 1" ~

HRT1 lfr. 12x12z A x 6.84i 2.i9 0.32
2 Teak A X 5.60 1.5.9 2

3Concrete B X 4cf6b 1.87

ii Aupbalt, B X 48.4(b) Z292.-0
5 rir L2x3-5/8 c y 2.-35 i~l~u0

xl-5/8
6 Teak T 2.05 2.93 jL
T Pine C y 3.28 16j.75
8 oak C T 1.62 1-13 3-7C

9 Oak D Z 0.77 C%0O5
10 Fir D z 1.21 0.74 .6 1
U Pine Dz 1..38 0:3A,

12 Teak D P7 0.74 1.00 1.35
130 Pin-e D) 5.20- 2.23 O.L3
14 Fir D Z L.c -%.IT ~ .76
15 Oak D z 3.31. i.51 O.2.5

16 Teak 1) 7, 2.090 4..42 JF
17 Teak- D Z 12.15 2.81.15
18 Pire D z 4.92 C-53 0 .

19 Fir D 2 z.00 0.82 o.27
20 091 Dl 2.5 .)

(a) All eo-mtiig data are averaged ferc 1-hree valles -&ieh. !nc..hdec
the background count.

(b,) qi'wae sample-, vere ony -- suea~ble oL -he rate metez. hi
unit-s are znro azpq.

on f'ilter paper.



as did teak.

In 3.11 cases, only'a small. percentage of the radioactive con-

taminant from the sample became airborne by the action of the flames.

Table 12 shows- that the maximum caught on the filter papers was 6.03

per cent and the minimum was 0.05 per cent. The amount of contaminant

removed from the wood samples by the flame decreased from teak to fir,

pine, and oak. In several eases over ten times more contaminant was

removed from the teak than from the pine or oak. It is believed that

this difference in removal was a function of the presence of volatile

oils or resins which were easily driven off when the wood was heated

(teak is an "oily" wood). Similarly it was found that more contami-

nantwas evidently carried off with the volatilized oils and smoke from

the asphalt. In general, it appears that regardless of the material,

more contaminant will be carried off by "oily" or easily volatilized

surface materials, and furthermore the volatility of the surface mat-

erial (which acts as a carrier), and not the radioactive contaminant,

is the determining factor.

These tests indicate thet the magnitude of the radiological

airborne hazard is not as great as was anticipated. Towever, since

airborne material was detected it may be assumed that the radiological

airborni hazard will increase with higher specific surface activities.

1. The Field Model Flaminator

This Flaminator is an experinental field model designed fcr

use on -rood, asphalt and concrete surfaces. Its design was based on

tl _ expoertence .ained frcm the laboratory FLaminator already described.

36
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"The field model employs oxygen-propane burners, various &.irface remoival

tools and a vacuum pick-up u=it to collect dust and particulate matter

removed from the surface. Stanlard equipent was used wherever possible

in the experimental field model to-expedite its constructim and to re-Iduce the cost of the unit.

The unit was designed for the use of four types of surface

remoal tools. These types were (1)-vire brush for veod and concrete,

(2) Tennant Revo-tool for wood and conrete, (3) sander for an

(4) scraper for asphalt surfaces.

4a Design Detailzz

"The prin-ipal components of the field model Flaminator are the

chassis, burners, surface removal tools and the vacuum pick-uip

assembly.

L.1.1 Chassis

A Buda Chore Boy, Model FH, (Fig. 9) formed the chassis for the

e xperimental field model Flaminator. This vehicle has a load capacity

* of 2,000 lb and a total deck area of 20 sq ft. It is powered by a 10-hp

gascline engine through a double-cone clutch which permits forward and

reverse travel. A 20 to 1 gear reducer and a No. 4 dry-type Pullmore

clutch were mounted on the vehicle to permit two speeds, an operating

speed. of 10 to 24 ft/maia and a maneuvering speed of 5 to 10 mph.

'4.1.2 Burnrs

The Wxy-prcpane burners (Fig. I1) were made by reboring standard oxy-

acetylene descaling nozzles as described in the iaborato-z- FIAninAtor sec-

tion. Five such nozzles were 'Lsed, 3 Etandard o-in. segments and 2

standard 4-in. •3egments, to produce an cver-all fla•ne width of 28 in.

37
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?ig. 9 Field Model Flsuamtor Chassis -Bwia Chore Boy

44

Fig. 10 ?laminator Hiner 4 in. and 6 in. Oxy-Propane
Descaling Nlozzles
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Standara o.,--acetyleme mixers and fittings were used. _be bu-r-ers were

mounted on individual sleeve bearings on a conon shaft which permitted

each burner t., pivot when it was used on irregular surfaces. A stainles&

steel hood vas monted over the burners to confine the flame and heat to

the surface being treated. This hood van also jlvotei on .iurner

shaft and the cmmplete unit (burners and hood) was mounted under the

chassis as shown in Fig. 11. A cable-controllied cam s provided to

raise the burner and hood udit when it was not in use.

The burners were ignited with a rvoote control spark igniter.

Exhaust fumes from the burners were discharged apr.Lmtely 4 ft

above the operator's bead through a 3-in, flexible hose and rigid tube.

4.-1.3 Surface Removal Tools

The paver for driving the four types of surface removal tools was

furnished by a 2-cylinder 4-cycle air-cooled, Model T7 Wisconsin engine

which is rated at 9.9 bp at 1600 rpm and 12.6 bp at 2200 rpm. The cnglne

was mounted on the c-hassis and the surface removal tools were connected

through chain linkage. The position of the surface removal tools relative

to that of the burner is shova in Fig. 12.

(a) Wire Brush

Three different wire brashes were used on the experiziental

field model Flaninator, a zolid-fill type, a .not type and the Tennant

These brushes are shown in Fig. 13. The solid-fil-. and kaot type brushes

corsisted of an assembly of a sufficient number of stand-dard buffing

brushes on a 1 1/2-in. shaft to give the desired iVJd~th of 28 in. A

*Manufactumed by G. n. Terxnant Co., for use on th•eir floor refirdis hing

:TchU 0Nnes.
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Fig. 11. Underneath View of ?Jlaminator

Fig. 12 Dtrner- m(d M-,od A:7ernhly Mounted on Flaminator

40
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a, Solild-Fill b. Knot

c. Tennant

Fig. 13 Trsof' Wire Brushes Used with the Field
Model Flaminstor
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special adapter sleeve on this shaft vas required for tbe Tennant Brush

vhich was only 15 in. vide.

C)Revo W~ols

The Revo-tools are mnufactured by the G. H. Tennant Company

for use on a flour resurfacing machine. They are 8 in. in diameter and

15 in. long. The cutting vbeels, appoimately 2 in. in diameter, fit

loosely on the shafts and as the entire assely roUtes, the curters

spin and bounce to give a cutting and pounding action. These Revo-tools

are made vith three types of cutters. The sharp No. 1 cutter is designed

for cutting either concrete or vood. The blunt No. 4 is for pulverizing

vork and the intermediate No. 9 is designed for general a.ll-round vork.

The No. I and No. 4 cutters, shovn in Fig. i4, vere tested on both vood

and cor -rete surfaces prior to the design of the Flaninator. It vas

decided to use the No. I because the cutting vbeels cn thu No. 1 broke

very readily on concrete surfaces. T Revo-tools fit on the same sleeve

shaft • the Tennant wire brush.

(c) Sanding Dru

A Tennant sanding drum vas also ased with the experimental

field model Flaminator. The sanding drum vas intended for use on2y on wood

surfaces.

(d) Asphalt Scraper

An asphalt scraper vas designed for use on flarzy softened

asppraltic. This scemper attaches to the rear of the Flaminator after re-

moval of the brush shaft and drive system.

Manufactuz-ed by G. H. -erennant Co., for use on their floor refinishing
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J.4Outtew NO 1 tt~c

Fig. 34 Tewt Rwvo Tool.
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4.i.4 Vacuum Pick-iFu n

The American Air Filter, Model D, Rotoclone shown in Fig. 15 was

used as the vacuum pick-up unit. This unit is designed to collect the

waste material in a drawer (Fig. 15a) and to discharge clean air throuEh

the filter. Because the standard filter for this unit (Fig. 15b, right)

was ineffective in removing airborne contaminant, the depth of the filttr

ccpartment was modified. .o acco=aodate a type M-6 Chemical CorpN filter

shown at the left of Fig. 15. The electric motor was removed from the air

filter unit and modifications were made to drive the impeller at 5,200 rpm

by a V-belt from the Wisconsin Engine. When operating at this speed the

air filter had a capacity of 600 to 700 cfm and drew from 7 to 8 in. cf

water; however, when the engine was loaded by the surface removal tools,

the blower speed was reduced tc approximately 3,800 rpm. At this speed

the air filter had a capacity of 500 to 600 cfm and drew from 4 to 6 in.

of waterr. The blower is connected to the hood around the surface removal

tools by a 5 in. flexible metal hose as shown in Fig. 16.

4.1.5 Control instruMEntp

The operation of the experimental field model Flaminator was

controlled by instrumerts located on a panel near the operator as shown

in Fig. 17. Levers for raising and lowering the burners and the surface

removal tools were convenlently locae hý right of the operator's

seat. The control panel contained the following instrumen=L: oxygen and

propane pressure gauges, flowmeter for registering total flow of propane,

solenoid valve switches for oxygen and propane, a spark igniter switch,

pyrometers, Flaminator speed irlitcator, and such auxiliary engine

instr.men*r as tachometer, anmeters and starter switca.
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a. Showing flrawer for Holdig Waste

b. Showing Filtkers; Stnndard One at the Right,
Chem~ical. Corps M1-6 ut the Left

Fig. 15 Flarinator Vacuum Pick-up amd Filter Unit
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Fig. 16 Completed FlaminAtcr -Control Panel and
Prcnane Tank to Right of'Oetr Oxygen Cylinders
are Mounted on Each Side qni the V~ictnxm Unit Behind

the Operitor

Fig. 17 F~qm-r.&'cr i-n Uset cn Air'crYi' 4 Flight Deck

-------------------- -------------------
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The oxygen and propane lines are conneted to a manifold at the

rear of the Flamnator (Fig 17). Individual control valves are pro-

rided for regVAtiUz the 9s flow to each of the buorrs. After adj•sting

the fl of oxgen and propene to tbe indivi&A. burners the operator caa

turn the burners on and off vith the solenoid svitehei at tae control

Approved by:

S. R. TOCPKIN, Head
Cheaical Teehnology Division

For the Seientiflc Director

F P F k T USE ONLY



OFFICIAL USE ONLY

.RRF~ENECES

1. Vandivert, V.V. and Barry, R.C. Flame Decontamination of Unpainted
Concrete, USNDL Report AD-207(O), 14 Mrch 1950 (Classified).

2. Uorsham, M.L., I.G. Poppoff and W.G. heall; Hazard Froa Industrial
Operations on Surfaces Contaminated by Radioactivity, JS.'ML Report
AD-144(H), 9 August 1949 (Classified).

3. Earl, J.R., Heiskell, R.H., Smith, A.Lo, Jr., Stetson, R.L.. Strope,

31.., and Werner, L.B. Protection and Decontamination of Land Targets'

and Vehicles. T-T-400, Proj. 6.2 Operation JANGLE, 11 June 1552.
(Classified)

4. Vi-, F.S., Owen, W.L., Sartor, J.D., and Kehrer, W.S. Methods and
Procedures for the Reolamtion of Land Targets. USHML-407, 5 1hroh
1953 (Classified).

5. Heiskell, R.H. and Barry, R.C. Surface Removal Tests on the Fjight
Deck of an Aircraft Carrier. USTFRDL-368, 20 July 1952 (Classified).

6. Heiskell, R.H., Black, R.H., Crew, R.J. and Lee, H. Effects of
Elevated Temperntures on Some of the Properties of Portland Cement,
Mortar and Concrete. US.'DL-TR-S0, 25 August 1955.

0 ýN'



OFFICIAL USE ONLT

DISTRIBUTION

GOPIES

NAVY

1-9 Chief, Bureau -)f Ships (Code.233)
10 Chief, Bureau of Medicine and Surgery
11 Chief, 'Rureau of Aeronautics (Code AE40)
12 Chief, Bureau of Supplies and Accounts (C-ode W)
13-14 Chief, Bureau of Yards and Docks (D-440)
15 Chief of Naval Operations (Op- 3 6 )
"16 Commander, New York Naval Shipyard (Material Lab.)
17-19 Director, Naval Research Laboratory (Code 2021)
20 CO, Naval Unit. Army Chemical Center
z1 CO, Naval Unit, CmIC Training Command
Z2 CO. U.S. Naval Civil Engineering (Res. and Eval. Lab.)
23 U.S. Naval School (CEC Officers)
24 Commander, Naval Air Material Center, Philadelphia
25 CO, Naval Schools Command. Treasure IsLand
26 CO. Naval Damage Control Training Center, Philadeiphia
Z7 CO. Fleet Training Center, Norfolk
28-29 CO, Fleet Training Center, San Diego
30 Commandant, Twelfth Naval District
31 Office of Patent Counsei, Mare Island
32 Commander Air Force, Atlantic Fleet (Code 16F)
33 CO, Fleet Airborne Electron :s Training U-.it Atlantic
34 Commandant, U.S. Marine C -ps
35 Commandant, Marine Corps SL oois, Quantiro (LD-rary)
36 Commandant, Marinc Corps Schools. Q.antico (De. Center)

ARMY

37 Chief of Engineers (ENGEB, Dhein)
- Chief of Engineers (ENGNB)
30-40 Chief of Research and Dev•Iopment (Atomic Division)
41 Chief of Transportation (TC Technical Committee)
4 Z Chief of Ordnance (ORDTB)
43 Chief Chemical Officer

FF F C AL USE OHL-



OFFICIAL USE ONLY

44 Deputy Chief of Staff for Military Operations
45 CG, Chemical Corps Res. and Dev. Command
46 CO, Hq., Chemical Corps Materiel Command
47 President, Chemical Corps Board
48-50 CO. BW Laboratories
51 CO, Chemical Corps Training Command (Library)
52 CO, Chemical Corps Field Requirements Agency
53-54 CO, Chemical Warfare Laboratories
55 Office of Chief Signal Officer (sIGRD-8B)
56 D'irector, Walter Reed Army Medical Center
57 CG, Continental Army Command, Fort Monroe (ATDEV-l)
58 CG, Quartermaster Res. and Dev. Command
59 President, Quartermaster Board, Fort Lee
60 Director, Operations Research Office (Librarian)
Al CO, Dugway Proving Ground
62 Director, Evans Signal Laboratory (Nucleonics Section)
63 CG, Engineer Res. and Dev. Laboratory (Library)
64 CO, Transportation Res. and Dev. Command, Fort Eustis
65 NLO, CONARC, Fort Monroe
66 Director, Special Weapons Development, Fort Bliss
67 CG, Redstone Arsenal
68 CO. Ordnance Materials Research Office, Watertown
69 Director, Jet Prop{xlsion Laboratory
70 Tokyo Army Hospital

AIR FORCE

71 Directorate of Intelligence (AFOIN-3B)
72 Commander, Air Materiel Command (MCMTM)
73 Commander, Wright Air Development Center (WCRTY)
74 Commander, Wr:ght Air Development Center (WCRTH-l)
75 Commander, Air Res. and Dev. Command (RDTDA)
76 Commandant, School of Aviation Medicine, Randolph AFB
77 USAF, SAM, Randolph Field (Brooks)
78 CG, Strategic Air Command, Offutt AFB (IGABD)
79 CG, Strategic Air Command (Operations Analysis Office
80-81 Commander, Special Weapons Center, Kirtland AFB
82 Director, Air University Library, Maxwell AFB
83-84 Commander, Technical Training Wing, 3415th TTG
85 CG, Cambridge Research Center (CRHTM)

OTHER DOD ACTIVITIES

86 Chief, Armed Forces Special Weapons Project
67 AFSWP, SWTG, Sandia Basc. (Library)
88-90 AFSWP, Hq., Field Command, Sandia Base
91 Assistant Secretary of Defense (aes. and Dev.)
92-93 Assistant Secretary of Defense (C:vil Defense Division)

52
OFFICIAL USE ONLY



OFFICIAL USE ONLY

AEC ACTIVITIES AND OTHERS

94 AEC, Military Applications Division
95 AEC, Division of Biology and Medicine, Washington
96 Los Alamos Scientific Laboratory (Library)
97 Sandia Corporation (Document Room)

USNRDL

98-130 USNRDL, Technical Information Division

DATE ISSUED: 24 July 1957

55

OFFICIAL USE ONLY



- -ir

Armed Services Technical Information gency
Rproduced by

DOCUMENT SERVICE CENTER
KNOTT BSILING, BAYTOIL 2. OHIO

FOR

MICRO-CARD

CONTROL ONLY

NOTICE: WHEN GOVERNAM OR OTHER DRAWNGS, SPECIICATlKS OR CrHER DATA
AltUD FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFIMITELY RELATED
GOVEriE%74T PCCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVEr; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, , OR IN ANY WAY SUPPLIED THE
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA I .4OT TO BE REGARDED BY
IIPLICATION OR OTHERWISE AS IN ANY MANNER LICNSING THE HOLDER OR ANY OTHER
PERSON OR CORPORATXON, OR CONVEYInqG ANY IMEW I n OR PERMSSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTIO•il THAT MAY IN ANY WAY BE RELATED THERETO.

A, wdmr- b wk


